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(1) 
XablttAberc uid Wittloh Imit* reo«mtl7 Ixreatlgated 

tlM two oo^pOA«nt B7Bt«M BilT«r oULorid* and pjrridiae. Up to 

t]Mt tJjM there had heea no ayateaatio iareatlgatlOA of the 

allTer halide addltlOA produota of pgxidiae and the oOAdltloaa 

aeoeaaary for their eziateaoe* She work with theae aalta 

and pyridine haa heem ooafiaed to the iaolatioA, deaoriptioa 

aad aaalyaea of the oo^ponada aeparatiag out under arbitrarily 

ohoaea and none too well defined oonditiona. 

(e) 

Varet deaoribea the oo^pounda pyridine ailTor 

broBidefigBr.O^H^I ) and pyridine ailTer iodide (Afl^O^E^I )• 

He wna unable to obtain an addition product with ailrer 

ohloride beoauae none are atable aboTo O^«(oonf, ref,(l))« 

(9) 
Stanialaua Ton Laasosynaki nentiona the compound pyridine 

ailTer iodide. Work with the ether organid baaea of the 

pyridine group haa been of the aane oharaoter, Werner and 

(4) 
7eraohland prepared and deaoribed ailrer halide addition 

(6) 
produota of piperidine« Toid»eok detemined the diaaooiation 

ourre for piooline ailTer iodide (SigI90^E^I )» and alao 

prepared the ailrer halidea with rarying anounta of piooline, 

lutidine and oollidiae of oryatalliaation. 



(l),Sheeia>UkiT, of Wia, (L908i 
(I), Bull, (3) 6, 847« (1891), 
(S).Dl8aertatien-l&iiT, of Berlin, (1894,) 
(4).Zeit, anorg, Ohen, 16,8, (1897), 
(6), in, ahin, phya, (7) SI, 467.(1900), 
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(6) (7) 
Benz and Wuth haTe prepared sllrer hallde addltloa 

ooBpounda with aalta of pyridine and the pyridine hasea^aa 

ailTer ohloride pyridine ohlorhydr«te(ig01»0^^ .EOl)* 

Inong the ether aalta of ailrer in oonbination with 

pyridine Yaret (l*o«) nentiona pyridine ailrer oyanide 

(8) 
(igOI«G^E^ )* Elobh deaeribea the oonponnd pyridine ailTor 

pemaaganate (iglftiO^ ♦ 60^ Hpr )« xnhlenherg and Brewer h»Te 

worked out oonpletely the equilibrim oonditiona in the 

ayaten ailTer nitrate* pyridine and intearpreted then aoeording 

to the phaae rule* the literature eontaina no mention of any 

ooapeunda of thia baae with ailTer fluoride* 

It waa thou(ht deairable to iuTeatigate and eatabliah 
the equilibriua ourrea in the ayateaa ailrer bronide-pyridine 
and ailTer iodide-pyridine* For that porpoee the following 
work waa undertaken* It oonaiata in dtterainini; by experinent 

the oonpealtien of the phaan, anturnted aolution, preaent 
at Tarioua tenperaturea and the nature of the aolid in oontaot 
with it* At thia tine the inreatigationa were not oarried 
below -Z0°* Ihiring the hot weather it waa found inpoaaible 
to keep the tenperature oonatant for a long enou|^ tine to 
pemit the ayaten to eone to equilibriua* 



(6)*Ber* 36» 1964 (190S)* 

(7)*Ber* 06, £416 (190S)* 

(6)*Bull. (3) U, 604 (1894)* 

(9)*Jour,Bqr«*0hen* 1£.. 260* (1906), 

ilOi*£er* S6* 1S66 (1902)* 

(lll*2eit* j^hya* Ohem* 28, 464 (18991* 
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Merok's highest quality pyrldin* was thoroughly 
dried OTer atioh potaaaiun hydroxide and then firaotionated* 
She fjraotioa paaaing orer between 114^ and 116 under a bare- 
metric pressure of 740 ma* was used in the experimentation* 

the silrer bromide was made tram Herok*s C.P. potass* 
ium bromide by preoipltating from solution with a slight 
ezoess of silrer nitrate. After thorough washing the pre- 
cipitate was dried at 150^ for seTeral hours before and after 
grinding. The product had a pure yellow color and was 
rapidly attaoked by sunlight. 

The silTer iodide was made in tfte same way from Meroh 

O.i*. potassium iodide. This was purified by means of washing 

with ammonia to remore any possible silrer chloride present 

(10) 
according to the method used by Ladenburg. 

She silrer salt preparations am well as the solubility 

determinations were made in « faintly illuminated dark room. 

The determinations of the solubility were made in the 

111) 
apparatusused by Heyerhoffer and Saunders » consisting of a 

hard glass tnbe fitted with a spiral stirrer and immersed 

in a constant teotperature bath. 

A water bath was used for temperatures O^to 76*** 

abore room tentperature a gas thermo-regulator and below a 

metallic worm oiroulating ice water was used td keep the 

temperature constant, a paraffin bath was foimd good from 

75* to 110*. Jfreesing mixtures ofiice and salt were used 

from O^'to 'Z{f» jselow this teoqperature solid carbon dioxide 
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4 
and ethftr w«r« UB«d. 

1 toluene thermometer gradOAted to degrees and permit- 
ting estimations to a tenth of a degree was used to read 
temperatures below sero degrees. Themaometers reading to 
tenths of a degree and oare fully eompared with the stand- 
ards were used ahoTe d** 

The temperature Interrals between suooessiTO sol- 
ubility detemninationa raried. m the neighborhood of trans- 
ition points more determinations were made. Ihe mixture of 
the salt and pyridine were stirred for about an hour at 
oonstant temperature. Where possible equilibrium was 
approaelod from the higher solubility to insure saturation. 
TO test for this eondltion analysis was made of samples ^ 
taken about an half hour apart. 

A weighed portion of the solution was taken for a 
analysis. This was remoyed by means of a pipette ths tip of 
whloh was oapped with muslin, it was aimed to hare the 
pipette at about the same temperature as the solution from 
whioh the sample was taken. Ihe silTer bromide and Iodide 
were determined gravlmetrtoally as such by the usual methods. 
The pyridine solution of the salt was diluted v.-lth water 
then a slight exoess of nitris aoid and a traoe of silTer 
nitrate solution added^ After heating to inoiplent boiling 
the preoipitate was oolleoted on a Ooooh oruoibls, washed 
and dried to a constant weight. at 15ot 
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Sh« resiilte glTen la th* following ta%l«8 with th« 
•zoeptlon of those below O'' mre the mesa of two olosoly agreoiag 
detormlaatloxui. Below Cthle wee not the case due to the 
dlffloulty la aalatAlaiag a ooastaat temperature for a 
eoaeiderable period. 

jfollowlag Is the table of ezperlmeatal results obtained 

1 a the system silver bromide and pyrldlae:- 

Squilibrlum between saturated solution and solid 

JLgBT orams per 100 grams 
Tcoperature SigBr.se^U^I of pyridine. 



•20.0'* C 
•14.7 
• 6.0 
0.0 

12. e 

16.8 
£3.7 
S3. 9 
£7.7 
£9.9 
33.4 
36.7 

Transition point. 



3.59 
4.38 
4.5S 
4.91 
6.69 
6.86 
6.64 
6.74 
7.3£ 
7.76 
8.67 
9.1£ 
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Bqulllbrlum betw««m aaturatod Bolutloa and solid 

3e»8°0» 9.68 

41.8 8.01 

45. £ 5.31 

57.7 5.09 

64.8 £.29 
78.5 1Y5£ 
8£.8 1.18 

88.9 0.88 
100.1 0.65 
106.0 0*6£ 
110.5 0.58 

Sha aboT« rosulta aro plottod in tha aooooqpaayiag 
figora (Fig* l)t tha tanrparatxtraa aloag tha abaoiaaa and tha 
aolubilitiaa along tha erdinata. 

fha datarminations aada balow -£0°and indioatad on tba 
diagram by tha points in blaok oirolas, whila parmitting no 
dafinita oonolusions ragarding tha form of tha solubility onrra 
thara, yat show ns that tha salnbility is highar at thoaa lawar 
tamparatoras. 8o it oan ba statad tantatiraly that in all 
probability othar compounds of tha bramida and pyridina azist 
at tamparaturas balow -£0\ That will ba mada tha subjaot of 

a 

farthar study. 
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from -so'up to about 37.6 tho aolubillty gradually 



Inoraaaaa. Sba solid In oontaot with tlia aaturatad solution 
botiroan thaao tamparaturaa has tho oonpoaition ZAgBT*9C^B^M • 
fko oryatals of this aubstanoo ara wbita, ailky and Tory tbin 
laaallaa wbiob loaa tbair pyridina rwy raadily on aaqpoaura to 

tha air* Iba oryatala baoona yallw and loaa tbair odai/of 

J rattire 
pyridina* Ibis oosqpound aboira partial fusion wban tba iampe 

ia raisad and tba vapors of pyridina not allowod to aaoapa* Tba 

naan of four analyaaa of tbia solid aaparating out at diffarant 

taoparaturas batiraan ofiO^and 57* 6 glTaa 60,1^ ailTar brenida* 

Xba oaloulatad paroantaga ia 61*S^* Zba aligbtly low raault 

ia probably dua to tba diffioulty in antira^^ ranoTMIg tba 

mothsr liquor* 

From 37t6 to licf tba aolubility daoraaaaa» at fir at 

Tory rapidly and at tba bigbar tenparaturaa Tory alowly* Tba 

ourra rapraaanting tba obanga approaebaa in form a portion of 

a 

a raotangnlar byparbola* At tbaaa tamparaturaa tba aolid pbaa* 
preaant ia tba yallow oryatallina ailTor bromlda* in tba 
naigbborbood of 27*^6 tbara ia a tranaition point at wbiob tba 
four pbaaas Tapor, aaturatad solution, ZAgBx^ZQ^B^M and AgBx 
ara in aquilibrium - a nonrariant aystan* 

Tbara ia aona indioation of a braak in tba ourra in 

tact 
tba naigbborbood of £0 * Analyaaa of tba aolid pbaae in ooa* 

witb tba aaturatad aolution on botb aidaa of tbis point gsTO 

oloaaly agraoing fignraa, abowing tbat poaaibly ona or two of 

tba pointa ara not oxaotly on tba trua ourra* 
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Vollowlag is th« tabltt of •zporlmentAl rosuXts 

obtained In th* systom silTor ledid« anA nncidlnex- 

BqulllbritDB b«tir««a saturatod solution and solid 

Grans iLgl par 100 grains 
Vamparatura igZ.C^H^I • of pyridiaa* 

-17.0* C 0,18 

0*0 0,88 

86.0 0.86 

36.5 0.40 

46.9 o.ea 

67.6 1.11 
67.6 1.81 
88.6 8«47 
96.8 9.40 
98.8 11.80 
99«7 14.68 

Sransition point. 

Equilibrium batwaan aaturatad aolution and solid 
i«I 

109.6 °C 14.40 

106.0 14.06 

lie.O 11.86 
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lOtm ftoooBipuiyiBg ovrre sliewB the aboTA-glTmi results 
in graphioal form (7ig« II) plottsd in saais nannsr »s in osss 
of tho prooooding onrro, 

from -I?'* to tho noighborbood of 100° tho solubility 

inoroases* Sbongh no dot orminat ions wsrs mado bslow -17^ a 

oro&86 
^ualitatiTo examination eboved that there was no marked In^ 

in the solubility on going as low as »46t The solubility 
inoreases Tory slowly at first* then rery rapidly. During the 
temperature interral 80^ to locf it inoreases fourfold. Xhe otirre 
has the general appearanoo of a portion of a reotangular 
hyperbola, the asymptote going in the opposite direotion» in 
referenoe to the temperature, as oompared with the onrre rep- 
resenting equilibrium of silTor bromide with saturated solution. 
She solid phase in oontaot with the solution at these temper- 
atures is Igl.O^H^I . The orystals of this oompound are stri- 

lofie 
ated prismatio needles, white and silhy in appearanoo. trhey^' 

their pyridine on escposure to the air but muoh more slowly than 
the bromide addition produot desoribed. It also shows the 
phenonemon of partial fusion. Analysis glTos the peroentage 
silrer iodide as 74.0^. The oaloulated value is 74.8J(. 

At about loo" the solubility begins to rapidly deorease 
indioating a transition point. Here the four phases Taper, 
saturated solution, AgI.O;.H^I . and silTor iodide are in equi- 
librium. Xhe analyses of the solid phase in oontaot with the 
solution abore 100°, while not entirely satisfaotory, point to 
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its b«lag BilTer lodld*. The other faote leediag to this ooa- 

eliuiien ere the yellow oolor of the eolid in ooateot with the 

boiling solution and thet on re&oTing and drying this the mioro- 

soope shows a yellow nnolear orystal snrrounded by the white 

addition prodnot, whioh had separated from the mother lienor 

olinging to the orystals when they were oooled. 

Summary and Discussion* 

Abore -80^ there is one orystalline oompeund of pyridine 

and silver bromide, BAgBr.SC^Ei'I hitherto tinlmown. There was 

^ ^ (8). 

no indication of the oonqponnd desoribed by Varet • It appears 

as small lamellar, silky loolcing orystals losing their pyridine 

yery rapidly under ordinary oonditions of temperature and 

pressure. The equilibrium ourre in the system silror bromide is 

giyen from about -EcT to the boiling point of solrent. 

There is one orystalline addition product of pyridine 
and silrer iodide, Agl.O^E^I, stable abore •sor It appears as 
striated prismatic needles of a white color in contact with the 
saturated solution up te loo, it loses its pyridine much 
slower than the bromide con^und described abore* She equi* 
librinm curre in the system Agl and pyridine is established from 
about -80*' to the boiling point oftthe solrent. 

When the complete data in regard to the silrer bromide 
are obtained it will be rery interesting to covjpare the pyridine 
and the ammonia addition products of the three silrer halides. 
A comparison of the ourres (of. ref 1) show many points of 
similiarity. In each case the solubility increases jrapidly on 

uigitizea by VjOv^'^ iv^ 
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approaohiag txom lower temperatturea th« transition point whera 
tha aollA halida and tha addition produot ara in e4Uilil)riTUB 
with the Taper and saturated solution oonstituting a quadruple 
point ^thmi again falls off rapidly* She solubility ourres of 
the solid halides insofar as they exist show the same general 
trend, the solubility decreasing with rise in tenrperature. 
The soluhility inoreases in the order sllTer ohlorlde, silrer 
bromide and sllTer iodide whloh is also tha order, in regard to 
temperature, of the transition points wheralthe solid halide is 
present, respeotlTely AgCl t -1 ; AgBr : 27* 6 ; Igl : 100, 
It oan be said that at a giren temperature the speoiflo ohemioal 
attraction of tha pyridine for the silrer halides inoreases in 
the abora giTen order, in the oaae of ammonia the order ia 
reTeraed apparently. This reversal is a vary interesting faot. 
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